A technique of chromatography using a nitrocellulose (NC) membrane was established for the separation of proteins. The proteins were developed on the NC membrane with an aqueous solution containing a non-ionic detergent, polyoxyethylene sorbitane (Tween 20). The rate of flow of the proteins correlated to the strength of hydrophobicity of the proteins which was theoretically calculated from the hydrophobicity of side chains of amino acid residues composed of the proteins, but neither to the molecular weight nor to the isoelectric point of the proteins. The detailed examinations on the effects of pH, temperature, and chemicals such as urea, neutral salts, methanol, and an ionic detergent (SDS) on the chromatography strongly suggested that hydrophobic interactions between the proteins and nitrocellulose play a major role in the protein binding to nitrocellulose membrane. So that, this technique may be useful for the separation of a very small amount of membrane bound proteins such as enzyme complexes, receptors, and ribosomes into their components.
INTRODUCTION
Nitrocellulose (NC) membrane was originally designed as a surface filter which was prepared with nitrate esterified cellulose in a thin film of The interactions between glycogen phosphorylase and the hydrocarbon chains was also analysed by using a technique of affinity electrophoresis.11)
Medicine. Correspondence address: Kazuyuki Nakamura, Department of Biochemistry, Yamaguchi University, School of Medicine, 1144, Kogushi, Ube 755, Japan. (Received July 3, 1989 , Accepted August 18, 1989 This type of electrophoresis has been also applied to analyse the interactions between serum albumin and a long chain aliphatic ligand.12) We applied the principle of these techniques to establish a technique of chromatography using a nitrocellulose membrane for the separation of a tiny amount of proteins by development with a non-ionic detergent, polyoxyethylene sorbitane. We will discuss here the parameters affecting this chromatography and the nature of the binding of the proteins to the NC membrane matrices. (2) Development The NC membrane was then immersed its bottom of 0.5cm into a developer consisted of P buffer or P buffer containing a series of different concentration of non-ionic detergent, Tween 20 in a cylindrical glass bottle which has been equiliwas fixed to the sealed cap of the bottle. Then, development was carried out until the front of the developer ascended about 10cm from the origin of the protein spots. The development was terminated by removing the NC membrane from the bottle.
EXPERIMENTAL
Detection of the protein spots and determination of the rate of flow (Rf) of the protein spots The NC membrane was incubated with 0.5 (w/w) Ponceau 3R in 7% (v/v) acetic acid for 5min at room temperature. Then, the excess dye was removed by washing the membrane with continuous shaking in 7% (v/v) acetic acid until the background become colorless. The rate of flow, Rf, of the stained protein spots was determined by dividing the distance from the center of the spot to the origin with the distance from the front of the developer to the origin.
Examination of effects of chemicals on the chromatography
The effects of urea, an anionic detergent (SDS), and a non-ionic detergent (Tween 20) were examined by using the developer consisted of P buffer containing a series of different concentration of those chemicals. The effects of those chemicals were estimated from the magnitude of the increase in Rf of the protein spots.
The effects of ammonium sulfate and methanol were examined by using the developer consist-ed of P buffer containing a series of different concentration of those chemicals with 1.6% of Tween 20. The effects of those chemicals were estimated from the magnitude of the change in Rf of the protein spots.
Examination
of effects of pH and temperature on the chromatography
The effect of pH on the chromatography was examined by using the developer consisted of three different buffer systems with 0.8% Tween 20:1) 50mM acetate buffer, pH 4.0 containing 150mm NaCl, 2) P buffer, and 3) 50mM borate buffer, pH 10.0 containing 150mM NaCl.
The effect of temperature was examined by using the developer consisted of P buffer containing effects of pH and temperature were estimated from the magnitude of the changes in Rf of the protein spots.
RESULTS AND DISCUSSION
Chromatography of proteins using a nitrocellulose (NC) membrane Twelve proteins; bovine serum albumin (BSA), carbonic anhydrase B (CH), catalase (CT), concanavalin A (ConA), ferritin (FT), fibrinogen (FB), L-lactate dehydrogenase (LDH), beta-lactoglobulin (LG), phosphorylase a (PL), and trypsinogen (TP) were retained at the origin with a developer consisted of 10mM phosphate buffer, pH 7.2 containing 150mM NaCl (P buffer). Ceruloplasmin (CR) and trypsin inhibitor (TI) seemed to be developed slightly and their spots became blurry as shown in Fig. 1 . Even though 1M urea was added into the developer, no significant change was observed in the chromatogram (data not shown). On the contrary, Tween 20 (0.4%) strikingly changed the chromatogram in which the spots of the proteins except LDH, ConA, PL, and TP were developed toward the top of the NC membrane with different the rate of flow (Rf) (Fig. 2A) . SDS (0.4%) also changed the chromatogram in which the spots of the proteins except LDH, PL, and TP were developed toward the top of the NC membrane (Fig.  2B) . However, the chromatogram obtained by using Tween 20 showed the big differences in Rf and the shape of the spots of BSA and ConA from that obtained by using SDS. BSA was developed to form an arrayal spot without any retention at the origin with 0.4% Tween 20, and the spot was composed of two fractions having Rf values of 0.38 and 0.1. On the other hand, the protein was developed to form a short rocket spot continued from the origin with 0.4% SDS (lane 12 in Fig. 2 ). ConA was not developed at all with 0.4% Tween 20 while the protein was developed to form a tall rocket spot continued from the origin with 0.4% SDS (lane 4 in Fig.  2) . All of the proteins tested here were developed to form the rocket shape spots continued from the origin with SDS. This may indicate that SDS form the stable complexes with the proteins16) which tightly bind to the NC mem- brane. So that, SDS is not available for the separation of the proteins by chromatography using the NC membrane.
In the contrast, Tween 20 developed TI and LG to form clear round spots without any retention of the spots at the origin (Fig. 2) . The proteins proportionally increased their Rf values to the concentration of Tween 20 (Fig. 3) , and the concentration of Tween 20 (T0.5) which gave them the Rf value of 0.5 were 1.2% for TI and 1.5% for LG, respectively (Fig. 4) . T0.5 of other proteins were determined as summarized in Table 1 . These data indicate that Tween 20 interfere with the binding of the proteins to the NC membrane, the proteins are separated according to the strength of their affinity of binding to the NC membrane through hydrophobic interactions between them. Furthermore, Tween 20 has a low potency to denature the proteins. So that, Tween 20 is available for separation of the proteins by chromatography using the NC membrane. T0.5 is also a good indicator for determining the strength of the binding affinity of the proteins ( Table 1 ). The relationships between T0.5 and protein molecular weight, isoelectric point, and hydrophobic index which was theoretically calculated from the free energy changes of side chains of amino acid residues composed of the proteins for transfer from ethanol to water at lated with the molecular weight and the hydrophobic index, but not to the isoelectric point of the protein.
Effects of chemicals, pH, and temperature on the chromatography As shown in Fig. 5 , a high concentration of ammonium sulfate caused a small decrease in the Rf of the proteins, and the Rf values of LG in the presence of 0, 5, 10, and 20% ammonium sulfate became 0.54, 0.50, 0.41, 0.31, respectively. Higher concentrations of ammonium sulfate than 10% caused the retention of the protein spot of TI at the origin. This may be due to the decrease of the solubility of the protein.
The results obtained from the examination of the effect of methanol on the chromatogram were summarized in Table 2 in which only a small *The Rf value for the slow fraction of bovine serum albumin. **The Rf value for the fast fraction of bovine serum albumin. the proteins and the NC membrane matrices play a major role in the protein binding to the NC membrane.
It is conclusive that: 1) Chromatography of proteins using a nitrocellulose (NC) membrane in which the development was carried out by using aqueous solution containing a non-ionic detergent, polyoxyethylene sorbitane (Tween 20) is available for convenient separation of a tiny amount of proteins according to their strength of hydrophobicity. 2) So that, this type of chromatography may be useful for the separation of protein components consisting enzyme complexes, receptors, and ribosomes which are bound to the cell membrane by the difference of their hydrophobicity. 3) Furthermore, this technique offers the entire informations to optimization of the condition for extraction of proteins from the NC membrane to analyse the amino acid compositions and sequences of the proteins in micro scale after blotting the proteins to the NC membrane. 
